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A B S T R A C T

Background: Children with an autism spectrum disorder (ASD) are known to have an

atypical visual perception, with deficits in automatic Gestalt formation and an enhanced

processing of visual details. In addition, they are sometimes found to have difficulties in

emotion processing.

Methods: In three experiments, we investigated whether 7-to-11-year old children with

ASD were showing superiorities or deficits in matching tasks that required focusing on

faces with an emotional expression. Throughout these experiments, we increased the

complexity of the stimuli and tasks demands.

Results and conclusions: In matching faces with emotional expressions, children with ASD

were not able to show superior processing of details in any of the three experiments. They

were able to compensate their inferior processing of emotions in some of the experiments

(e.g., by using a slower, more sequential processing style). However, when stimulus

complexity (e.g., dynamic facial expressions) or task demands (e.g., extracting and

remembering the relevant stimulus dimension) increased, they were no longer able to do

so, and they did show performance deficits.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Two theoretical frameworks focus on basic principles of perception of individuals with an Autism Spectrum Disorder
(ASD): the Weak Central Coherence theory (WCC; Frith & Happé, 1994; Happé & Frith, 2006) and the Enhanced Perceptual
Functioning hypothesis (EPF; Mottron & Burack, 2001; Mottron, Dawson, Soulières, Hubert, & Burack, 2006). Another line of
research focuses more specifically on the difficulties in face and emotion processing in children with ASD. We combined
these points of departure and investigated simultaneously the strengths and weaknesses in the visual perception of children
with ASD in several matching tasks with emotional faces. In a series of three experiments, we manipulated stimulus and task
complexity on different dimensions, such as type of stimuli (static or dynamic), amount of stimuli (one-by-one, five-by-one
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and a series of images-by-one) and type of task (simultaneous image matching vs. sequential emotion and identity
matching). All these tasks will be explained in more detail below.

WCC holds that individuals with ASD have deficits in automatic Gestalt formation (forming a coherent whole) and are
biased to attend to specific local features. However, it is not clear yet, whether global and local biases form two separate
continua or one continuum. One consequence of this local bias is that individuals with ASD do not spontaneously integrate
these local characteristics into a meaningful larger context, which is an important factor in processing facial expressions in
daily life. EPF only focuses on the second component, by claiming that individuals with ASD have a more locally oriented
‘‘default setting’’ and therefore experience enhanced detection and discrimination of (visual) details. WCC and EPF both
imply a more locally than globally oriented processing strategy, or so-called ‘‘local bias’’, which is in line with results from
several different studies with basic (Behrmann, Thomas, & Humphreys, 2006; Brosnan, Scott, Fox, & Pye, 2004; Iarocci,
Burack, Shore, Mottron, & Enns, 2006; Jolliffe & Baron-Cohen, 1997; O’Riordan, Plaisted, Driver, & Baron-Cohen, 2001;
Plaisted, Swettenham, & Rees, 1999; Shah & Frith, 1983) and more complex visual stimuli, like faces and facial expressions, as
explained next.

Identity recognition research provided mixed evidence for an atypical face processing strategy in individuals with ASD
using different paradigms and methodologies (for an overview, see Behrmann et al., 2006; Dawson, Webb, & McPartland,
2005; Jemel, Mottron, & Dawson, 2006; Sasson, 2006; Simmons et al., 2009). Whereas typically developing children use both
local and more global (configural) information in face recognition (Maurer, Le Grand, & Mondloch, 2002) from age ten and
even earlier (Brace et al., 2001; Carey & Diamond, 1977), children with ASD seem to use more locally oriented processing
strategies (Deruelle, Rondan, Gepner, & Tardif, 2004; Pelphrey et al., 2002; Rondan, Gepner, & Deruelle, 2003; Teunisse & de
Gelder, 2003; van der Geest, Kemner, Verbaten, & van Engeland, 2002). Yet, this tendency does not seem to be an absolute
deficit but rather an atypical style that can be overcome in certain circumstances (Joseph & Tanaka, 2003; Lopez, Donnelly,
Hadwin, & Leekam, 2004; Teunisse & de Gelder, 2003).

Furthermore, individuals with ASD are often found to have difficulties in the interpretation of facial expressions. Different
paradigms and methods have been used to investigate this: sorting tasks, (cross-modal) matching tasks, labeling tasks and
eye-tracking studies with faces and social scenes (for an overview, see Harms, Martin, & Wallace, 2010). All of these
procedures have found anomalies in emotion processing in children with ASD, in comparison to typically developing
children matched on non-verbal mental age (Begeer, Rieffe, Terwogt, & Stockmann, 2006; Braverman, Fein, Lucci, &
Waterhouse, 1989; Celani, Battacchi, & Arcidiacono, 1999; Critchley et al., 2000; Gross, 2004; Hobson, 1986; Ozonoff,
Pennington, & Rogers, 1990; Pelphrey, Morris, McCarthy, & LaBar, 2005; Pelphrey et al., 2002; Tantam, Monaghan, Nicholson,
& Stirling, 1989; Weeks & Hobson, 1987). Other studies, however, failed to find deficits in emotion processing in children
with ASD (Capps, Yirmiya, & Sigman, 1992; Castelli, 2005; van der Geest, Kemner, Camfferman, Verbaten, & van Engeland,
2002; van der Geest, Kemner, Verbaten, et al., 2002; Wright et al., 2008). Nevertheless, intact performance on some emotion
processing tasks does not exclude an atypical processing strategy, leading to impairments on some tasks and compensating
these impairments in other tasks (Harms et al., 2010). The type of stimuli used seems to play an important role, because
anomalies were found especially in negative, more complex or subtle emotions (Adolphs, Sears, & Piven, 2001; Baron-Cohen,
Spitz, & Cross, 1993; Baron-Cohen, Wheelwright, & Jolliffe, 1997; Castelli, 2005; Corden, Chilvers, & Skuse, 2008; Sigman,
Kasari, Kwon, & Yirmiya, 1992; Smith, Montagne, Perrett, Gill, & Gallagher, 2010) and in dynamic social scenes (Speer, Cook,
McMahon, & Clark, 2007). This is not surprising because children with ASD were shown to have deficits in perceiving motion
in low-level visual stimuli (review: Dakin & Frith, 2005; Simmons et al., 2009) and in perceiving biological movement, even
at a very young age (Klin, Lin, Gorrindo, Ramsay, & Jones, 2009). Atkinson (2009) found that motion coherence deficits and
difficulties in recognizing emotion from body movements are related within the ASD group.

The aim of the present study was to examine the above described strengths (i.e., detail processing) and weaknesses (i.e.,
processing emotional facial expressions) in the visual perception of children with ASD. We therefore designed three
experiments to investigate whether children with ASD were better or worse in matching tasks that require focusing on faces
with an emotional expression. Throughout this series of experiments, we increased the complexity of stimuli and tasks on
different dimensions to allow for a shifting balance between simple, well-controlled tasks oriented more towards the
processing of visual details than to the emotional aspects of the stimuli, and more complex tasks with more variable stimuli
where filtering of relevant and irrelevant aspects such as emotion vs. identity comes into play. The first experiment used a
simple same-different task with two static faces presented side-by-side on the screen, either identical or slightly differing in
the intensity of the expressed emotion. The second experiment used a somewhat more complex simultaneous matching task
with five static faces presented next to each other in the top half of the screen and one of these (the target item) presented in
the bottom half. The five images were ordered with increasing emotional intensity or randomized. The third experiment
used a delayed matching task, in which children had to match a dynamic face with a static face stimulus on two dimensions:
emotion and identity. From one perspective, we can expect children with ASD to show their superior detail processing and
discrimination capabilities in all these matching tasks. From another perspective, however, it can also be the case that they
perform worse than matched control children in all these matching tasks because facial emotional expressions were used as
the stimuli to be matched. A third possible outcome would be in line with the idea of a gradually shifting balance between
superior detail processing and inferior emotion processing as a function of increasing stimulus and task complexity.
Specifically, it could be the case that children with ASD are as good or even better than typically developing children in the
straightforward matching task involving merely processing of details (Experiment 1) and that deficits emerge only when
task demands become more complex and involve increased processing of emotional expressions (Experiments 2 and 3).
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2. General methods

2.1. Participants

With written and informed consent of their parents, 33 boys with ASD (including children with autistic disorder, Asperger
syndrome or PDD-NOS) and 75 typically developing (TD) boys, between 7 and 11 years participated in this study. All
diagnoses of ASD were obtained through multi-disciplinary assessment, consisting of a parent interview, review of prior
records, (neuro)psychological testing and a child psychiatric observation, and an Autism Diagnostic Interview-Revised (ADI-
R; Lord, Rutter, & Lecouteur, 1994). Diagnostic and Statistical Manual of Mental disorders-IV-TR (DSM-IV-TR; American
Psychiatric Association, 2000) criteria for pervasive developmental disorder were met. In the ASD and in the TD group, full-
scale Wechsler IQ was estimated based upon four subtests (Block Design, Picture Arrangement, Similarities and Vocabulary),
as described by Grégoire (2000). Children with known neurological problems or taking medication were excluded. Only
children with an estimated full-scale IQ above 75 were included in further analyses to make sure that all children were able
to understand the instructions.

Due to attention problems (three children with ASD) or estimated IQ below 75 (six TD children) or possibility of ASD (one
TD child), results of three children with ASD and seven TD children were excluded from all analyses, reducing the group sizes
to 30 children with ASD and 68 TD children. Because of practical reasons, the TD children did not participate in all three
experiments, while the children with ASD did participate in all experiments. Therefore, the number of participants and the
matched groups differ in the three experiments. In Experiment 1, 30 boys with ASD and 22 TD boys participated. Out of these
52 participants, we selected 44 individually age-matched and full-scale IQ-matched children (independent samples t-test:
p = 0.9763 and p = 0.7824, respectively). In Experiment 2, 22 boys with ASD and 17 TD boys participated. Out of the 39
participants, we selected 34 individually age- and full-scale IQ-matched children (p = 0.9133 and p = 0.7532, respectively). In
Experiment 3, 28 boys with ASD and 27 TD boys participated. Out of the 55 participants, we selected 46 individually age and
full-scale IQ-matched children (p = 0.6122 and p = 0.8490, respectively). Table 1 displays the descriptive statistics for all
individually age matched and full scale-IQ matched groups. We also analyzed the data from the larger groups but the general
trends were the same. For clarity and brevity, we report only the analyses from the individually matched groups that were
matched at the individual level.

2.2. Apparatus

The experiments were conducted on two parallel computer set-ups, with Windows XP as operating system and a 1500

touch screen with capacitive touch screen technology. Resolution was 1280� 1024 pixels (32-bit color) and E-prime version
1.1.4.1. (PST Inc.) was used to run the experiment. Participants were tested individually. Participants sat upright, with a
constant viewing distance of approximately 30 cm.

2.3. Stimulus material

The facial stimuli used in these experiments were chromatic dynamic and static images of 6 actors (3 males and 3
females), constructed by Pilz, Thornton and Bülthoff (2006). In the original stimulus set, dynamic facial expressions of 29
individuals (13 females and 16 males) were recorded from 5 different angles. Each dynamic series of images was a
consecutive series of 26 static images representative for the transition from a neutral expression to an emotional expression
(anger, disgust, happiness and surprise). We used only the frontal images in our study because we were not interested in the
effect of viewpoint. Three independent evaluators assessed the actors, the expression of the emotions and the individual
frames of the stimulus set. First, actors and emotional expressions in general were evaluated on a six-points scale. Low scores
(0) were assigned to actors that looked rather atypical and to emotional expressions that were hard to identify. High scores
(5) were assigned to neutral actors and clearly identifiable emotional expressions. In this way, nine actors were selected for
whom the three assessors gave a score of at least 4 for the actor and the emotional expressions. Second, the individual frames
able 1

escriptive statistics for the matched groups in the three experiments.

ASD group TD group

M SD M SD

Experiment 1: N = 22 N = 22

Age (in months) 109.59 14.86 109.73 14.68

Full-scale IQ 102.23 9.80 103.14 11.34

Experiment 2: N = 17 N = 17

Age (in months) 108.53 15.34 109.12 15.97

Full-scale IQ 103 9.52 101.94 9.36

Experiment 3: N = 23 N = 23

Age (in months) 108.48 15 110.76 14.98

Full-scale IQ 104.22 8.75 103.70 9.31
T

D
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(26 frames per expression, per actor) were evaluated on an eleven-points scale, with a low score (0) assigned to a neutral
expression and a high score (10) to a very intense expression. The average inter-rater reliability was high (r = 0.9394). In only
9.19% (86 images) of the assessed images, the difference between two raters was more than two points. Based on a thorough
discussion between the raters, one of the deviating scores was then adjusted with maximum one point. The intensity scores
were used in our further selection of images (see below).

2.4. Procedure

The experimental trials were always preceded by a step-by-step practice protocol. After the verbally presented
instructions, the practice trials started, consisting of five randomly selected trials. Participants were instructed to watch the
stimuli carefully and to respond as fast as possible by pressing the correct answer on the touch screen. Further details will be
explained in the procedure sections of the individual experiments.

3. Experiment 1: simultaneous matching of two static facial expressions

Experiment 1 used a same-different task with two static faces presented side-by-side on the screen for which participants
simply had to determine whether they were identical or not. Although the stimuli are faces with emotional expressions,
matching can be done on the basis of any detail in the stimulus. Specifically, in the case of a same trial, all aspects of the two
face stimuli are identical, while in the case of a different trial, any difference would be enough to tell them apart. The question
is whether children with ASD will be better at this because of their superior processing of details or worse because of their
inferior/atypical processing of faces and/or emotions.

3.1. Methods

3.1.1. Stimulus material

In this experiment, we used static faces of two female actors, expressing four different emotions (anger, disgust,
happiness, and surprise). For each actor, we selected five images with a medium intensity score (3–7) and five with a high
intensity score (6–10). The average intensity scores of the selected images were 3.04, 4.00, 4.94, 5.96, 6.89, 7.96, 8.96, and
9.93 (SDs were 1.15, 1.16, 1.20, 1.31, 1.22, 0.25, 0.19, and 0.14, respectively).

3.1.2. Procedure

Each trial followed the same course. Participants were instructed to look at the fixation cross, presented centrally for
1000 ms. Then the test screen was presented (see Fig. 1), consisting of two static images of one actor, expressing one emotion,
presented side-by-side in the top half of the screen and two response possibilities in the bottom half of the screen.
Participants had to indicate whether the two images were the same (‘‘zelfde’’) or different (‘‘verschillend’’). The test screen
was presented until a response was recorded. Both accuracy and reaction time were registered.

We introduced two variables that could be expected to influence task difficulty. First, we selected images with a medium
intensity (scores 3–7) and high intensity (scores 6–10). Second, in the mismatch trials, we selected images with a difference
of one or two steps along our intensity continuum, in both directions (making them less intense and more intense). In total,
the experimental phase consisted of 128 trials.[()TD$FIG]
Fig. 1. Test screen of the one-by-one-simultaneous matching task.



Table 2

Accuracy and reaction time (RT; in ms) for the ASD group and the TD group.

ASD group (N = 22) TD group (N = 22)

Accuracy RT Accuracy RT

Mean 0.75 3522 0.78 3003

Standard deviation 0.43 2941 0.42 1699
[()TD$FIG]

Fig. 2. Effect of difference on accuracy (error bars represent 95% confidence intervals).
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3.2. Results

3.2.1. Preliminary data-analyses

For each participant, we removed trials with a reaction time outside the range of 3 SDs around the mean (1.99% of all
trials). No outliers on participant level were detected for reaction time. Table 2 displays accuracy and reaction time (correct
responses) for the ASD group and for the TD group. There was evidence for a speed-accuracy trade-off in the TD group
(Pearson correlation: r = 0.4456, p = 0.0377) but not in the ASD group, although the trend was similar (r = 0.3189; p = 0.1480).

3.2.2. Analyses of accuracy and reaction time (only correct responses)

Multi-level analyses with one between-subjects factor (group: ASD vs. TD group) and three within-subjects factors
(intensity: medium vs. intense; and difference: 0 vs. 1 vs. 2; and emotion: anger vs. disgust vs. surprise vs. happiness).
Afterwards, we conducted the same analyses, with age and full-scale IQ as additional covariates, as well as the interactions
between group and covariates.

There were no significant main effects of group (p> 0.14). Difference had an effect on accuracy (F(2, 84) = 448.27,
p< 0.0001). The relationship between difference and accuracy seemed to be V-shaped, as shown in Fig. 2. Tukey–Kramer
analyses revealed that all values of difference had a differential effect on accuracy (p< 0.0001). Difference had a significant
effect on reaction time as well (F(2, 84) = 19.48, p< 0.0001). Tukey–Kramer analyses revealed that mismatch trials with a
large difference in intensity (difference = 2) were responded faster than mismatch trials with a smaller difference in intensity
(difference = 1; p = 0.0008) and faster than match trials (difference = 0; p< 0.0001).

Medium intense trials were responded more correctly than very intense expressions (F(1, 42) = 43.56, p< 0.0001) but
intensity did not affect reaction time (F< 1). Emotion had an effect on accuracy and reaction time (respectively, F(3,
126) = 89.10, p< 0.0001 and F(3, 126) = 7.85, p< 0.0001). Tukey–Kramer analyses revealed that some emotions were easier
to match than others, as shown in Fig. 3. Disgust was responded less correctly than the other emotions (p< 0.0001).

Furthermore, we found evidence for interaction effects between within-subjects factors. Since these effects are not that
interesting for our research question, we mention them without elaborating their precise nature. The interaction between
intensity and difference was significant for accuracy and for reaction time (F(2, 86) = 28.19, p< 0.0001 and F(2, 86) = 3.06,
p< 0.0001, respectively). The interaction between difference and emotion was significant for reaction time (F(6, 244) = 3.79,
p = 0.0013). The interaction between emotion and intensity was significant for accuracy (F(3, 129) = 40.67, p< 0.0001).
Finally, the three-way interaction between group, difference and emotion was significant for accuracy (F(12, 252) = 19.58,
p< 0.0001).
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Fig. 3. The effect of emotion on accuracy (error bars represent 95% error intervals).
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Children with a higher full-scale IQ responded faster and tended to answer more correctly than children with lower full-
scale IQ (F(1, 38) = 5.51, p = 0.0243 and F(1, 38) = 4.09, p = 0.0502, respectively). Older children answered more correctly than
younger children (F(1, 38) = 7.29, p = 0.0103) but they did not respond faster (F< 1). These effects were similar in both groups
(p> 0.25).

3.3. Discussion

In this experiment a simultaneous one-by-one matching task with static facial expressions was used, combining the
possible strengths (detail processing) and weaknesses (processing of facial expressions) in the nature of visual perception of
children with ASD in one and the same task. Single-modality tasks with low task demands (as used in this task: simultaneous
image matching, unlimited presentation times and only two stimuli to match) generally make it easier for children with ASD
to use emotionally neutral, piecemeal perceptual strategies (Celani et al., 1999), in which they excel. Nevertheless, we could
not find any evidence for enhanced processing of visual details in this task: children with ASD performed equally well as the
TD group. The absence of such an advantage was not caused by a ceiling effect, because average performance in both groups
was around 75% (modified by the size of the difference, between 45% and 90%). So, children with ASD could not show
superiority in a fine discrimination task involving facial emotional expressions. Schultz (2005) already suggested that the
saliency of emotional faces can influence performance in the perception of non-emotional aspects. While in the TD group
there was a correlation between accuracy and reaction, indicating that for them, enhanced performances go hand in hand
with taking more time, no significant correlation between reaction and accuracy was found in the ASD group.

Match trials were easier than mismatch trials, and in the mismatch trials, the larger differences were easier to see for both
groups. Moreover, matching two faces with medium emotional intensity seemed to be easier compared to matching two
faces with high emotional intensity. This could be caused by new, possibly salient features becoming visible (e.g., teeth when
smiling mouth opens more) around particular levels of the emotional intensity scale. Disgust was the emotion which was the
most difficult to process.

Children with a higher full-scale IQ performed better in comparison to children with a lower full-scale IQ. In addition to
that, performance tended to increase with age. Harms et al. (2010) reviewed the literature on emotion processing in children
with ASD and they concluded that age and intellectual abilities are important for task success.

4. Experiment 2: simultaneous matching of six static facial expressions

In Experiment 1, using a simple matching task focusing on small differences between faces with emotional expressions,
the ASD and TD groups performed almost equally well and fast. It was not the case that the boys with ASD showed superior
processing of details. In Experiment 2, we wanted to make the task slightly more demanding, allowing for a context effect to
occur, to increase the chance of finding a group difference. Because TD children are likely to perceive stimuli in relation to
their context, we predict that the stimulus presentation mode (ordered vs. randomized) will affect their performance. In
contrast, we predict that context will not influence the children with ASD, or at least not that much.
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Fig. 4. Example of an ordered stimulus presentation (top) and a randomized stimulus presentation (bottom).
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4.1. Methods

4.1.1. Stimulus material

In this experiment, we used static facial images of six actors. We selected five images together showing the transition
from a neutral to an intense emotional expression. Therefore, the intensity of the selected images should approximate the
following five scores on the intensity continuum: 1.50, 3.50, 5.50, 7.50, and 9.50. The average scores of the selected images
were 1.60, 3.67, 5.66, 7.82 and 9.87 (SDs were 0.57, 0.47, 0.39, 0.25, and 0.26, respectively).

4.1.2. Procedure

Each trial followed the same course. Participants were instructed to look at the fixation cross, presented centrally for
1000 ms. Then the test screen was presented, consisting of five static images presented side-by-side in the top half of the
screen and the target image in the bottom half of the screen. Participants had to indicate which image in the top half matched
the target below, by touching its location on the screen. The test screen was presented until a response was recorded. Both
accuracy and reaction time were registered.

We manipulated the presentation order of the five match images. In the increasing intensity condition, the five match
images were presented with increasing emotional intensity from left to right (i.e., a neutral expression on the left side and
the most intense expression on the right side). In the randomized intensity condition, the five match images were in random
order with the restriction that two subsequent steps in the intensity continuum were never presented next to each other. In
Fig. 4, these two conditions are illustrated. In total, the experimental phase consisted of 48 trials: 2 presentation orders of
match images� 4 emotions� 6 repeated measures.



Table 3

Accuracy and reaction time (RT; in ms) for the ASD group and the TD group.

ASD group (N = 17) TD group (N = 17)

Accuracy RT Accuracy RT

Mean 0.64 5401 0.72 4245

Standard deviation 0.48 3784 0.45 2269

[()TD$FIG]

Fig. 5. Trend for an interaction effect between group and presentation order for reaction time (error bars represent 95% confidence intervals).
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4.2. Results

4.2.1. Preliminary data-analyses

Due to problems with images concerning one actor (see also Discussion), we excluded these trials from analyses, reducing
the total number of trials to 40 per participant. Per participant, we removed trials outside the range of 3 SD around the mean
(i.e., 1.84% of all trials). No outliers on participant level were detected. Table 3 displays characteristics of accuracy and
reaction time (only correct responses) for the ASD group and for the TD group. We found evidence for a speed-accuracy
trade-off in the ASD group (Pearson correlation: r = 0.6773, p = 0.0028), while this effect was only marginally significant in
the TD group (r = 0.4502, p = 0.0698). This indicates that especially the ASD children tried to improve their performance by
taking more time to answer.

4.2.2. Analyses of accuracy and reaction time (only correct responses)

Multi-level analyses with one between-subjects factor (group: ASD vs. TD group) and two within-subjects factors
(presentation order: ordered vs. randomly ordered and emotion: anger vs. disgust vs. happiness vs. surprise) were performed
for accuracy and reaction time for the correct responses.

The ASD group answered more slowly than the TD group (F(1, 32) = 4.97, p = 0.0330) but group had no effect on accuracy
(F(1, 32) = 2.79, p = 0.1048). There was a trend for an interaction between group and presentation order for reaction time (see
Fig. 5; F(1, 32) = 3.88, p = 0.0577) but not for accuracy (F< 1). Simple main effects revealed that children in the TD group
responded faster in the randomly ordered trials than in the ordered trials (F(1, 32) = 6.23, p = 0.0179). In the ASD group, in
contrast, presentation order had no effect on reaction time (F< 1).

A trend for a main effect of emotion on accuracy (F(3, 96) = 2.30, p = 0.0818) was observed. Tukey–Kramer analyses
revealed that trials with the emotion anger tended to be responded more accurately than trials with the emotion happiness
(p = 0.0746). All other emotions had equal effects on accuracy. Emotion had no effect on reaction time (F(3, 96) = 1.62,
p = 0.1888). The interaction between emotion and group on accuracy was significant (see Fig. 6; F(3, 96) = 3.69, p = 0.0165)
but not on reaction time (F< 1). Simple main effect analyses revealed that in angry (p = 0.0161) and happy trials (p = 0.0680)
the TD children responded more accurately than the children with ASD.

Older children performed better (F(1, 29) = 6.76, p = 0.0147) but not faster (F(1, 28) = 1.18, p = 0.2866). As shown in Fig. 7,
age had a different effect on accuracy in both groups (F(1, 29) = 7.78, p = 0.0094). In the TD group, age did not seem to
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Fig. 6. The interaction effect between emotion and group on accuracy (error bars represent 95% confidence intervals).

[()TD$FIG]

Fig. 7. Effect of age on accuracy within the ASD group and the TD group with linear regression line.
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influence accuracy. In the ASD group, in contrast, older children seemed to perform better. Full-scale IQ had no influence on
reaction time or accuracy (F< 1).

4.3. Discussion

Children with ASD performed equally well as the TD group. Still, as noted before (e.g., Harms et al., 2010), different
strategies can lead to equal performance levels. Three effects suggest this. First, the ASD group tended to answer more slowly
and, as indicated by the speed-accuracy trade-off, they tried to improve their performance by taking more time. Second, only
in the ASD group an effect of age was observed (i.e., older children performed more accurately). In the TD group, age did not
seem to influence performance. This can point to some learning/experience-based or maturation-based mechanisms in the
ASD group, which are less pronounced in this age range in the TD group. Third, the interaction between presentation order
and group shows that, as expected, the TD children were clearly influenced by the context of an item (i.e., slower with
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ordered sequences). In contrast, the children with ASD were not influenced by context, in accordance with earlier findings
that they tend to be less influenced by contextual factors in certain tasks (see e.g., Brosnan et al., 2004; Happé, 1997; Jolliffe &
Baron-Cohen, 1997; Loth, Gomez, & Happé, 2010).

We can consider three (not mutually exclusive) reasons why children with ASD were less distracted by the context in this
task. First, children with ASD are known to attend more to local characteristics. Some observations supported this detail
processing in children with ASD. As already mentioned above, images of one particular actor were excluded from further
analysis, due to the fact that several boys with ASD noticed that ‘none of the five pictures were the same, because there was a
small piece missing in this one (the target)’. This was very conspicuous, because at that moment already all typically
developing boys were tested and none of these children nor the experimenters had noticed it. Following this comment, we
more specifically examined our stimuli and observed that scaling the original images to fit them onto the screen in a series of
five, had led to very small changes on the edges of the images of one actor. Second, children with ASD have problems with
automatic Gestalt formation and therefore they will not automatically process relationships between different stimuli and
are less focused on contextual factors. Third, it seems plausible that the children with ASD used a very systematic search
strategy, by scanning the images in a fixed order. After all, rigid and non-flexible solving strategies are often found in children
with ASD. In addition, it is sometimes postulated that using longer presentation times (>1 s) in a single modality matching
task enables children with ASD to use local and piecemeal processing styles (Celani et al., 1999).

As already mentioned, context (ordered vs. randomly ordered) tended to influence the TD children: they answered more
slowly when the match images were ordered with increasing emotional intensity. In this arrangement two very similar
images were placed next to each other. Therefore, the use of a detail-oriented viewing strategy, in which children constantly
check the target images back-and-forth on local features, was probably stimulated. In the randomly ordered condition, on
the contrary, children will be led by selecting a match image that ‘pops out’ based on its overall impression of similarity. This
first impression seems to be a good one, in general, since there is no effect on accuracy. On average, the pair-wise differences
between neighboring images are larger in the random sequence than in the ordered sequence. This popping out effect or
overall impression does not seem to play a role for children with ASD, as reflected in the interaction between group and
order.

5. Experiment 3: matching dynamic facial expressions and identities

Compared to Experiment 1, Experiment 2 used a slightly more complex and demanding task, which yielded some
interesting group differences. Children with ASD did almost as well as TD children but they used more time to reach the
same performance level. Besides, there was a speed-accuracy trade-off and a linear age effect in children with ASD but not
in TD children. TD children showed a context effect, while children with ASD did not. These first two experiments were
straightforward simultaneous matching tasks and load on working memory was low. Moreover, these experiments
required merely matching at the image level: recognizing or understanding the emotions was unnecessary to complete the
task.

In contrast, the third experiment used a non-simultaneous matching task that required focusing on identity and emotion
in dynamic faces. In this delayed matching task, the target was invisible when the match items were shown, reducing the
possible use of piecemeal processing strategies, based upon a small perceptual detail in the stimulus. Children had to match a
static image to a previously presented dynamic series of images. The static test image could be compared with the dynamic
series of images based on two aspects (emotion or identity), one of which was made relevant to the task while the other was
task-irrelevant. Which attribute was relevant was manipulated in separate blocks of trials and stimuli could be congruent or
incongruent on the irrelevant attribute. We predict that children with ASD will perform worse in comparison to TD
individuals on the emotion matching task. After all, we know that children with ASD have difficulties understanding the
meaning of facial emotional expressions and have anomalies in emotion processing, especially when more naturalistic,
dynamic stimuli are used. With static images it is already known that children with ASD perform worse on emotion matching
tasks but equally well as TD children when matching for identity (Celani et al., 1999). Concerning the identity matching task,
we therefore expect the ASD children to perform equally well or even better than the TD group. Congruent trials will be easier
than incongruent trials, due to a larger similarity between the images. We predict that happiness will be processed faster and
more accurately than the other emotions, because some findings already indicated that the children with ASD do only show
atypical performances in more complex or negative emotions (Adolphs et al., 2001; Baron-Cohen et al., 1993, 1997; Castelli,
2005; Corden et al., 2008; Sigman et al., 1992). Moreover, we predict that children with ASD will experience greater
interference from task-irrelevant characteristics, due to problems with selecting relevant from irrelevant information, a
context-dependent process, known to be difficult for children with ASD.

5.1. Methods

5.1.1. Stimulus material

Static images as well as dynamic series of images of four different actors were selected. For each actor and emotion we
selected a series of 25 consecutive images, representative for a natural transition from a neutral expression to an emotional
expression. The static images had only very intense emotional expressions (i.e., average intensity score of 9.85, SD = 0.21).



Table 4

Accuracy and reaction time (RT; in ms) for the ASD group and the TD group.

ASD group (N = 23) TD group (N = 23)

Accuracy RT Accuracy RT

Mean 0.82 1954 0.85 1700

Standard deviation 0.39 967 0.35 809
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5.1.2. Procedure

Each trial followed the same course. First, a dynamic series of images was presented at normal presentation speed
(25 frames per second). After a 1000 ms blank screen, the test frame was presented, consisting of a static image
(106� 66 mm) presented in the upper half of the screen and two response possibilities presented in the lower half of the
screen (as in Experiment 1, using the verbal labels ‘‘same’’ or ‘‘different’’). This test frame was presented until a response was
registered. Accuracy and reaction time were used as dependent variables.

Two matching criteria were used: emotion and identity. In the emotion matching task, participants had to indicate
whether the static match image expressed the same emotion or another emotion as the emotion expressed in the dynamic
series preceding it. In the identity matching task, the participants had to indicate whether the static match image depicted
the same identity or another identity as the identity of the person in the dynamic series preceding it. The two matching tasks
were presented in two separate blocks of trials, to avoid effects of task-switching difficulties or working memory deficits (as
mentioned by Pellicano, Maybery, Durkin, & Maley, 2006). The order of blocks was counterbalanced across participants. Each
block consisted of an equal number of four different types of trials, differing on two dimensions: match-mismatch and
congruent–incongruent. Match trials were those trials in which the static test frame was equal to the dynamic series with
respect to the matching criterion. Mismatch trials were those trials in which the static test frame differed from the dynamic
series with respect to the matching criterion. (One of the three remaining emotions or identities was chosen randomly in
those cases.) In addition to being identical or different on the task-relevant dimension, all trials could also be identical or
different on the task-irrelevant dimension. We call these ‘‘congruent’’ and ‘‘incongruent’’ trials, respectively. Congruency will
probably make the task easier in match trials and more difficult in mismatch trials, while the opposite can be expected in the
incongruent conditions. In total, the experiment consisted of 128 trials (4 emotions� 2 matching criteria� 4 trial types
(match-mismatch and congruent–incongruent)� 4 repeated measures), presented in two separate blocks (one for each
matching criterion).

5.2. Results

5.2.1. Preliminary data-analysis

Per participant, we removed trials outside the range of 3 SD around the mean (i.e., 2.07% of all trials). No outliers on
participant level were detected. Table 4 displays the reaction time and accuracy for the individually matched ASD group and
TD group. There was a negative correlation between accuracy and reaction time in both groups, although it was significant
only for the TD group (Pearson correlation: ASD group: r =�0.2501, p = 0.2497; TD group: r =�0.4627, p = 0.0262).

5.2.2. Analyses of accuracy and reaction time for the correct responses

Multi-level analyses with one between-subjects factor (group: ASD vs. TD group) and four within-subjects factors (task:
emotion vs. identity matching; congruency: congruent vs. incongruent; match: match vs. mismatch; and emotion: anger vs.
disgust vs. happiness vs. surprise) were performed for accuracy and reaction time (only correct responses).

The groups did not differ significantly in accuracy (F(1, 44) = 2.13, p = 0.1515) but the ASD group tended to respond more
slowly (F(1, 44) = 3.93, p = 0.0538). The predictions concerning our manipulations were generally confirmed. There was a
main effect of congruency on accuracy and on reaction time (respectively F(1, 44) = 39.71, p< 0.0001 and F(1, 44) = 33.19,
p< 0.0001): congruent trials were easier than incongruent trials. As predicted, the interaction between congruency and
match was significant, both on accuracy (F(1, 45) = 66.52, p< 0.0001) and on reaction time (F(1, 45) = 51.10, p< 0.0001).
Simple main effect analyses showed that match had a beneficial effect on performance in congruent trials and that mismatch
had a beneficial effect in incongruent trials (all p� 0.0013, see Fig. 8). The identity matching task was easier than the emotion
matching task: identity matching trials were responded more accurately (F(1, 44) = 103.55, p< 0.0001) and faster (F(1,
44) = 233.56, p< 0.0001).

Some emotions were responded more accurately (F(3, 132) = 11.62, p< 0.0001) and faster (F(3, 132) = 7.93, p< 0.0001)
than others. Tukey–Kramer contrasts revealed that especially trials showing happiness were responded more accurately and
faster than the others. Emotion and group did not interact (F< 1). Mismatch trials were responded to more slowly than
match trials (F(1, 44) = 4.72, p = 0.0352). This main effect of match was not significant on accuracy (F< 1).

The interaction between match and group reached significance for accuracy (F(1, 44) = 6.03, p = 0.0181) but not for
reaction time (F< 1). Simple main effect analyses revealed that the ASD group performed worse than the TD group in the
match trials (F(1, 44) = 5.04, p = 0.0299), while there was no effect of group in the mismatch trials (F< 1); see Fig. 9.
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Fig. 8. Interaction between congruency and match on accuracy (error bars represent 95% confidence intervals).
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Fig. 9. The interaction between match and group on accuracy (error bars represent 95% confidence intervals).
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Interestingly, there was an interaction effect of task and group on accuracy (F(1, 44) = 18.66, p< 0.0001) and reaction time
(F(1, 44) = 6.41, p = 0.0150). The ASD group performed worse (F(1, 44) = 8.48, p = 0.0056) and more slowly (F(1, 44) = 5.53,
p = 0.0233) than the TD group on emotion matching, while they performed equally well (F< 1) and fast (F(1, 44) = 2.44,
p = 0.1255) on identity matching (see Fig. 10).

Furthermore, we found evidence for interaction effects between within-subjects factors. Since these effects are not that
interesting for our research question, we mention them without elaborating the precise nature. The interaction between
congruency and emotion was significant for accuracy (F(3, 135) = 3.86, p = 0.0109) but not for reaction time (F< 1). The
interaction between task and match was significant for accuracy (F(1, 45) = 5.60, p = 0.0223) but not for reaction time (F< 1).
The interaction between congruency and task was significant for reaction time (F(1, 45) = 9.56, p = 0.0034). The interaction
effect between emotion and match was significant for accuracy (F(3, 135) = 7.18, p = 0.0002). The interaction between
congruency and task was significant for reaction time (F(1, 45) = 9.56, p = 0.0034) but not for accuracy (F(1, 45) = 1.31,
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Fig. 10. Interaction between group and task for accuracy (error bars represent 95% confidence intervals).
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p = 0.2586). The interaction between task and emotion was significant for accuracy (F(3, 135) = 7.92, p< 0.0001) and reaction
time (F(3, 135) = 4.70, p = 0.0038).

In general, older children performed better (F(1, 40) = 11.86, p = 0.0014) and responded faster (F(1, 40) = 13.72,
p = 0.0006). Full-scale IQ had no effect on accuracy or reaction time (F< 1). These effects were the same in both groups
(F< 1).

5.3. Discussion

Our predictions concerning the manipulations of the task were confirmed. Congruent trials were generally easier than
incongruent ones; both groups benefitted from the larger similarity between target and match images in congruent trials.
Furthermore, match had a beneficial effect on performance in congruent trials, while mismatch had a beneficial effect in
incongruent trials. In both groups, the emotion happiness was the easiest to process, a result confirming many earlier studies
(Adolphs et al., 2001; Baron-Cohen et al., 1993, 1997; Castelli, 2005; Corden et al., 2008; Sigman et al., 1992). In this
experiment as well, task performance increases with increasing age.

The children with ASD had more problems than the TD children in the match trials, not in the mismatch trials. This could
point to a strategy in which children with ASD tend to scan for differences and do not base their answers on first, general
impressions of overall similarity, as TD children tend to do.

In general, children with ASD performed equally well as the TD group but they answered a bit more slowly, which could
provide evidence for a more effortful, reasoning-based processing strategy (Tracy, Robins, Schriber, & Solomon, 2010). Many
studies revealed evidence for a superiority in detail processing and discriminating visual stimuli in children with ASD
(Behrmann et al., 2006). We could not find evidence in this task: in the identity matching task children with ASD performed
only equal to TD children, not better (see also Experiment 1). This could be due to the fact that a face is emotionally salient,
even for the perception of non-emotional aspects (Schultz, 2005). In addition to that, the dynamic nature of the target
stimulus may have caused problems in children with ASD. Whereas results in TD children (Thornton & Kourtzi, 2002)
indicated that particularly in matching facial identity, a dynamic prime is beneficial in comparison to a static prime, this
dynamic nature could be problematic for children with ASD. Gepner and Féron (2009) postulate that children with ASD have
problems with processing multisensory stimuli online and associating them into meaningful and coherent patterns.
Moreover, in our delayed matching task, the target stimulus was not visible when the match stimuli were shown, reducing
further the possible use of piecemeal, detailed-based processing strategies.

Results of this experiment not only revealed that children with ASD perform equally well as TD children on the identity
matching task but also that they are less accurate and slower at the emotion matching task. After all, we know that emotional
expressions are less salient for children with ASD and that they have difficulties understanding the meaning of facial
emotional expressions and have anomalies in emotion processing, especially when more naturalistic, subtle dynamic stimuli
are used (Harms et al., 2010; Smith et al., 2010). Moreover, Braverman et al. (1989) and Celani et al. (1999) already showed
that children with ASD performed worse on emotion matching tasks but equally well as typically developing children when
identity matching using static stimuli. We replicated these findings using dynamic stimuli.
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6. General discussion

We designed three different matching tasks with facial emotional expressions to investigate possible strengths (i.e., detail
processing) and weaknesses (i.e., processing facial expressions) in the visual perception of children with an ASD. Throughout
these three experiments, we increased task demands, from a very straightforward simultaneous one-by-one matching task
based on merely image matching, over a simultaneous five-by-one matching task, to a sequential matching task requiring
focus on either emotion or identity.

Experiment 1 used a task with low task demands, possibly supporting the use of piecemeal perceptual strategies: static
facial stimuli were presented until response and only single modality, one-by-one image matching was required, which
could be done based on any detail in the stimulus. The only factor that might make it harder for children with ASD was that
the stimuli were facial expressions. Indeed, the children with ASD did not show superior processing of details in this
experiment, supporting the idea that the saliency of faces influences performance even in a task not explicitly focusing on
emotional aspects, as suggested by Schultz (2005).

By increasing the complexity of the stimuli (i.e., using a larger number of stimuli and using dynamic stimuli) and of the
task demands, group differences began to occur. In Experiment 2, a simultaneous five-by-one matching task with static facial
expressions, we found evidence for a context effect in the TD group, which was not present in the children with ASD,
indicating that the children with ASD used a different processing strategy, focusing less on contextual factors such as the
coherence between the stimuli. This result is consistent with other literature indicating that children with ASD are less
influenced by contextual factors (see e.g., Brosnan et al., 2004; Happé, 1997; Jolliffe & Baron-Cohen, 1997). Children with ASD
responded more slowly and they showed a stronger speed-accuracy tradeoff than TD children, in line with a less flexible,
piecemeal scanning strategy, which was not supportive for the task.

In Experiment 3, a non-simultaneous matching task with dynamic facial expressions requiring focus on either emotion or
identity, the children with ASD showed an emotion-specific deficit in matching dynamic facial stimuli: children with ASD
performed equally well as TD children on the identity matching task but they responded less correctly on the emotion
matching task, replicating earlier findings from Braverman et al. (1989) and Celani et al. (1999) but now with dynamic facial
expressions. In this experiment, children with ASD also performed less accurately than TD children in match trials, not in
mismatch trials, a finding which also suggests a different processing strategy (less based on overall similarity, focusing more
on differences).

By employing this research strategy, we can contribute to a reconciliation of some inconsistencies in the literature on
face and emotion processing in ASD. We varied stimulus and task complexity in a relatively systematic way, while
holding some other aspects constant (e.g., all facial expression stimuli selected from the same stimulus set, all matching
tasks, same ASD group and properly matched TD group). The same variability in stimulus complexity and task demands
characterizes the literature as a whole but a systematic comparison is hampered by additional variation in other aspects
of the stimuli and experimental paradigms, as well as in the participant groups. As a result, the literature is full of
findings which appear to contradict one another. One central issue is whether the problems which people with ASD
appear to have with faces and facial expressions is based on a more fundamental, more general way of processing all
kinds of visual information, which is less global and more detail-oriented (Behrmann et al., 2006; Dakin & Frith, 2005;
Simmons et al., 2009; for a review). With respect to tasks oriented towards processing the identity of faces, several
studies (using a variety of stimuli and tasks) find that children with ASD seem to use more locally oriented processing
strategies. Other studies suggest that this atypical style of processing facial identity can be overcome in certain
circumstances (Dawson et al., 2005; Jemel et al., 2006; Sasson, 2006; for a review). With respect to tasks oriented
towards processing the emotional expressions of faces, several studies (again, with a variety of stimuli and tasks) report
inferior performance in children with ASD, while others do not find performance differences (Harms et al., 2010; for a
recent review). Harms et al. conclude in their review (2010) that part of this difference may be based on the nature of
the stimuli (with larger group differences for more subtle emotions or dynamic social scenes) or on the nature of the
task demands (allowing for compensatory strategies or not).

In this series of three experiments, we could not find any evidence for the enhanced processing of visual details, which we
attribute to the nature of our stimuli, namely facial expressions. Schultz (2005) already suggested that the saliency of
emotional faces can influence performance in the perception of non-emotional aspects. In addition, and more importantly,
we found that increasing stimulus complexity and task demands across our three experiments, increased the group
differences. This is in line with the idea that tasks with low task demands make it easier for children with ASD to use more
effortful, emotionally neutral, piecemeal perceptual strategies, in which they excel. Whereas TD children tend to process
faces in an automatic and holistic way, several studies provided evidence for an atypical processing strategy in individuals
with ASD, namely more locally than globally oriented, less guided by social features, and more attending to the mouth region
than TD children (Corden et al., 2008; Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Langdell, 1978;
Neumann, Spezio, Piven, & Adolphs, 2006; Speer et al., 2007). We also found evidence for this atypical strategy, sometimes
called ‘‘compensation strategy’’, in children with ASD: (1) responses were generally slower, sometimes leading to a higher
accuracy, (2) less guided by context, indicating a more rigid, sequential search for differences (Experiment 2), and (3) more
problems with match trials than mismatch trials and with matching for emotion instead of identity (Experiment 3). These
different findings all point to strategy differences as compared to TD children. This atypical processing can provide an
explanation for some of the inconsistencies in the literature: in tasks with low demands, children with ASD can use a more
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effortful atypical strategy, (sometimes) leading to a rather typical performance level, whereas this strategy does not lead to
typical performances in tasks with higher demands.

Apart from different task demands, the criteria used to match the TD group (VIQ, PIQ, full-scale IQ, gender, and age) can
significantly alter the results (Hobson, 1986). Several demographic factors within the ASD group, such as age, gender,
cognitive, verbal and non-verbal abilities, are also known to influence and confound performance (Bruce et al., 2000; Harms
et al., 2010; Mondloch, Geldart, Maurer, & Le Grand, 2003). We too found evidence for an age effect in all three of our
experiments: performance on these tasks improved with increasing age in the range tested (i.e., between 7 and 11 years).
Moreover, in one of the experiments (Experiment 2) we found a larger age effect in the ASD group than in the TD group,
which indicates that maturation, learning or experience underlies the increase in performance in the ASD group, which does
not seem to play an important role in the TD children in this age range. In our study we focused on high-functioning boys
with ASD, around 9 years old (�2 years). Future research should investigate strengths and weaknesses in the visual perception in
other age groups, in girls with ASD and in lower-functioning children with ASD.

In conclusion, in matching faces with emotional expressions, children with ASD were not able to use superior processing
of details in any of the three experiments. They were able to compensate their inferior processing of emotions in some of the
experiments, for instance, by using a slower, more sequential processing style. However, when stimulus complexity (e.g.,
dynamic facial expressions) or task demands (e.g., extracting and remembering the relevant stimulus dimension) increased,
they were no longer able to do so, and they did show performance deficits. This pattern of results may help to understand the
discrepancy between the lack of behavioral deficits or the occurrence of only small behavioral deficits of high-functioning
children with ASD obtained in a large number of well-controlled laboratory experiments and the significant problems these
children have in daily life.
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